A NOTE ON THE FATE OF TARTRATES IN THE BODY by Underhill, Frank P. et al.
A  NOTE  ON  THE  FATE  OF  TARTRATES  IN  THE 
BODY.* 
BY  FRANK  P.  UNDERHILL,  H.  GIDEON  WELLS,  AND 
SAMUEL GOLDSCHMIDT. 
(From the She~eld Laboratory  of Physiological  Chemistry of  Yale  University, 
New Haven,  and  the  Pathological  Laboratory  of  the  University  of 
Chicago,  Chicago.) 
There is a  notable paucity of literature relative to the influence 
and fate of tartaric acid introduced into the organism.  In the well 
known purgative action of tartaric acid salts it is assumed that only 
small quantities of the drug are  absorbed  owing to  the  formation 
of insoluble calcium compounds. 
Thus  Wallace and  Cushny  x state  that  sodium  tartrate  is  absorbed  at  about 
the  same  rate as  the sulphates.  It is,  therefore, probable that  only small quan- 
tities  of  these  salts  are  in  the  circulation  at  any  given  moment.  On  the 
other hand,  scattered  here  and  there  throughout  the  literature  may  be  found 
instances of poisoning by tartaric acid and its salts,  with occasional fatal results, 
even though only relatively small amounts of these compounds have been ingested. 
Apparently the  first to investigate the toxicity of tartaric  acid was  Chabri6,~ 
who compared the poisonous action of the  four stereoisomeric compounds  after 
intraperitoneal  injection.  All  four  compounds  possess  toxicity,  although  the 
optically active acids  are  apparently  the  most  poisonous.  Brion  8 attempted  to 
determine to what  extent the  different tartaric  acids are eliminated in the urine 
when given by way of the mouth to dogs.  He demonstrated  that no one of the 
tartaric  acids  is  completely burned  or transformed  in  the organism,  as  much as 
42  per cent.  of the racemic form  reappearing  in  the urine.  The other  varieties 
were eliminated in smaller quantity, but even the d-tartaric acid was found again 
in  the  urine to  the  extent of 25  to  3o  per  cent.  of the  amount  ingested.  More 
recently Neuberg and  Saneyoshi  4 have  repeated the  experiments  of  Brion,  and 
in  the main have corroborated his  results, although  they lay emphasis  upon  the 
fact that  the excretion of tartaric acid is quite variable.  From these statements 
it is evident that tartaric acid given by mouth  is  apparently  much  more difficult 
of combustion than are most other organic acids.  In the last two investigations 
cited no  mention is made of a toxic action of the compounds  studied. 
* Received  for  publication,  April 21,  1913. 
x Wallace, G. B., and  Cushny, A. R., Am..four.  Physiol.,  1898, i, 411. 
Chabri6,  C.,  Compt.  rend.  Acad. d. sc., 1893, cxvi, 141o. 
Brion, Ztschr. f. physiol.  Chem.,  1898, xxv, 283. 
Neuberg, C.,  and  Saneyoshi, S., Biochem.  Ztschr.,  1911, xxxvi, 32. 
817 318  Fate  of  Tartrates in  the  Body. 
So  far as  we are aware no observations have been recorded  showing the  fate 
of tartrates after subcutaneous injection, except those of  Baer and Blum5 whose 
conclusions  we  consider  erroneous.  MacCallum  6  has  stated  that  tartrates  may 
be administered subcutaneously with impunity, although no  data  of  actual  injec- 
tions are presented. 
We have carried out such an investigation.  Since previous ex- 
perience had demonstrated that  rabbits  receiving subcutaneous in- 
jections of tartrates  refuse food,  it became essential to  make our 
observations during a period of inanition.  The quantity of tartrate 
normally present in  the  urine  during a  fore-period of  three  days 
was first estimated.  The following day an injection of tartrate was 
given and the elimination observed again for a period of three days, 
and  finally the  quantity  excreted during  am  after-period of  three 
days  was  determined.  The  urines  voided  durirLg  a  period  were 
combined and a  single tartrate estimation was carried through for 
each  period,  the  method  of  Brion,  as  modified by  Neuberg  and 
Saneyoshi,  ~ being employed.  The racemic tartaric acid was admin- 
istered and in each instance was neutralized with sodium carbonate. 
In two cases a histological study was made of the kidneys and liver. 
The appended tables show the details of the observations made. 
EXPERIMENT  I. 
Rabbit,  Weighing  z,9oo  Grams. 
Period in days. 
I 
Fore-period  2 
3 
Experimental I 
period  3 
I 
After-period  2 
3 
r artaricacid 
in gm., 
introduced 
subcutane- 
ously. 
0.000 
Urine. 
in,  *d  :tarlcacl¢ 
su  e  Volume  gin., cal- 
"  in c.c.  dated as 
__.  aric acid 
80 
68  0.825 
I  381  -!"  0.528  12 
o.ooo  16 
O.O00  24 
84 
O.O00  I72 
Remarks. 
o.e~o  Water-clear urine throughout. 
Water-clear  urine  throughout.  Neck 
o.oi3  [  twisted to one side.  Prostrated.  Killed. 
I 
5 Baer,  J.,  and Blum,  L.,  Beitr.  ~.  chem.  Phys.  u.  Path.,  19o7,  x,  80;  19o8,  xi, 
IOI;  Arch.  f.  exper.  Path.  u.  Pharmakol.,  1911,  lxv,  I.  Underhill,  F.  P.,  four. 
Biol.  Chem.,  1912, xii, 115. 
6 MacCallum,  7.  B.,  ,4m.  ]our.  Physiol.,  19o3-4,  x,  toi. 
7 Neuberg,  C.,  and  Saneyoshi,  S.,  loc.  cit. F. P.  Underhill, H. G.  Wells, and Samuel Goldschmidt.  319 
Histological  Examination.  Kidney.--A large proportion of, but not  quite all, 
the proximal  convoluted  tubules  show  complete  destruction  of  their  epithelium, 
which  remains  as  a  coarse  granular  mass  entirely  filling  the  tubule.  There  is 
very  little  tendency  to  cast  formation  in  the  convoluted  tubules.  The  earliest 
stage  of  the  process,  which  is  seen  also  in  the  distal  convoluted  tubules,  is  a 
vacuolization  of  the  epithelium.  Glomerules  and  interstitial  tissues  show  no 
changes, but  there is  blood in  the pelvis of the kidney.  Collecting  tubules  show 
little change, but the majority of the tubules  in the pyramids show hyaline  casts. 
Liver.--Normal. 
EXPERIMENT  II. 
Rabbit,  Weighing 2,080 Grams. 
Period in days. 
I 
Fore-period  2 
3 
Experimental I 
2 
period  3 
I  After-period  2 
Tartaric  Urine. 
acid in gm.  - 
introduced  .I'a.rtarm 
subcuta-  Volume  ] acid m gin., 
neously,  in c.c.  calcul.ated.as 
--  __]tartanc  acld..______.__~, 
80 
o.ooo  8o  [  ~o.45o 
64  ( 
o.511  20  !  f 
o.ooo  I  44  I  ]o.o23 
o.ooo  I  x32  [  t 
i  I4o  -- 
oooo  i  i54/ °.°I2 
Remarks. 
Throughout  the experimental period  this 
animal remained in excellent condition. 
Water-clear urines. 
Water-clear  urines.  No  autopsy  was 
made. 
EXPERIMENT  III. 
Rabbit,  Weighing  z,58o Grams. 
Period  in days. 
I 
Fore-period  2 
3 
1 
Experimental 2 
period  3 
I  &fter-period  2 
Tartaric 
acid in gin., 
introduced 
subcuta- 
neously. 
0.000 
0.780 
0.000 
0.000 
0.000 
Urine. 
Tartaric 
Volume  ! acid in gin., 
in c.c.  calculateda 
tartaric acid. 
oo  { 
84  0.325 
78 
2o  { 
32  0.o00 
I18 
"1"12  { 0.I12 
II2 
Remarks. 
Water-clear urines. 
Water-clear  urines.  Animal  very  weak 
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EXPERIMENT  IV. 
Rabbit. 
Period in days. 
Tartaric 
acid in gin., 
introduced 
subcutane- 
ously. 
I 
Fore-period  2  o.ooo 
Experimental x  0.765 
period  3  o.ooo 
0.O00 
After-period  2  I  t  o.ooo 
Urine, 
Tartaric 
, acid in gm., 
Volume]  calculated  [ 
m C.C. I  as acid.tartaric f 
"[22  ~ o.749 
78  ( 
{  x~  o.ooo  Water-clear urines. 
x  6  { o.o7t  Water-clearcondition.  urines. 
Remarks. 
Animal  in comatose 
At autopsy the kidneys  were soft and  hemorrhagic.  All tissues were edema- 
tous.  The peritoneal cavity contained 50 c.c. of a  pale yellow fluid which clotted 
readily. 
Histological  Examination.  Kidney.---The  changes  are  much  more  extensive 
than  in  the  rabbit  of  experiment  I.  Practically  all  the  proximal  convoluted 
tubules  are devoid of  living epithelium;  in  some there  is nothing  left above the 
basement  membrane,  and  in  others  the  granular  debris  fills  the  tubule.  The 
distal  tubules  are  relatively  unaffected,  but  somewhat  vacuolated,  as  are  the 
loops  of  Henle  and  the  collecting  tubules,  which  are  all  entirely  plugged  with 
clots.  There  is  a  little  interstitial  hemorrhage  and  some  corpuscles  in  the 
tubules,  but  not  many.  The glomerules  are unchanged. 
Liver.--Normal. 
From the data it is apparent that only an extremely small portion 
at most of the injected tartrate reappeared in the urine.  There are 
at  least  two  possible  explanations  that  may  account  for  the  non- 
appearance of the introduced salt.  It may be assumed that it was 
oxidized within the body,  or perhaps  otherwise broken down into 
utilizable  compounds,  s  In  view of  the results  reported by Brion, 
and Neuberg and Saneyoshi, this hypothesis seems hardly probable. 
It  appears  much  more  reasonable  to  suppose  that  the  deleterious 
influence of the tartrate upon the secretory power of the kidney is 
sufficient to prevent the exit of the salt by this  channel.  The  fact 
that the convoluted tubules are specifically acted upon,  whereas the 
glomerular apparatus  remains  practically unharmed,  suggests  that 
s Baer,  J.,  and  Blum,  L.,  loc.  cit. F. P. Underhill, H.  G.  Wells, and Samuel Goldschmidt.  321 
tartaric acid salts are usually eliminated by the convoluted tubules, 
and that in this instance at least any possible vicarious function on 
the part  of the glomerules is  prohibited.  In only one experiment 
(experiment  4)  could  the  objection  be  raised  that  the  tubular 
mechanism was so plugged with debris as to prevent the possibility 
of  the  passage  of a  tartrate  solution.  Indeed,  in  some instances 
the daily volume of urine after tartrate administration was greater 
than on the days of the fore-period. 
CONCLUSIONS. 
Under the experimental conditions outlined, sodium tartrate sub- 
cutaneously introduced into  rabbits  fails  to  reappear in  the urine. 
It is concluded that the disintegrati;ce influence of the salt upon the 
convoluted tubules  is  sufficient  to  account  for  the  failure  of  the 
salt to be eliminated. 
No evidence of a vicarious function on the part of the glomerulus 
was observed. 